Introduction: Sarilumab is a human monoclonal antibody that blocks the interleukin-6 receptor alpha (IL-6Ra). The phase 3 SARIL-RA-EASY study (EASY) assessed the robustness of an autoinjector (pen) for administering sarilumab when used by adults with active moderate-tosevere rheumatoid arthritis (RA) who are candidates for anti-IL-6R therapy in an unsupervised real-world setting. Methods: EASY was a 12-week, multicenter, randomized, open-label, parallel-group usability study of the sarilumab pen and prefilled syringe.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, progressive, autoimmune disease characterized by joint inflammation and pain, morning stiffness, and progressive joint destruction [1] . Blockade of interleukin 6 (IL-6) signaling is a therapeutic option for the treatment of RA [2] [3] [4] [5] [6] [7] [8] [9] . Sarilumab is a human IgG1 monoclonal antibody that binds specifically to both soluble and membrane-bound IL-6 receptors (sIL-6Ra and mIL6Ra), and has been shown to inhibit IL-6-mediated signaling through these receptors [2] [3] [4] . Sarilumab has been approved for the treatment of moderate-to-severe RA in the United States, Canada, and Europe [10] [11] [12] .
As lifelong treatment of RA is required to reduce joint damage progression and conserve health-related quality of life, physical function, and work productivity, more convenient forms of therapy could facilitate compliance. Patients with RA may encounter challenges associated with the use of syringes due to the functional limitations associated with the disease [13] . To address patient grip and dexterity limitations, a single-use, disposable, prefilled, buttonless, ergonomic autoinjector (pen) for the administration of sarilumab was designed. The SARIL-RA-EASY study (EASY; NCT02057250) primarily assessed the robustness of this prefilled pen for administering sarilumab when used by adults with active moderate-to-severe RA in an unsupervised real-world setting. Secondary objectives were to assess patient satisfaction when using the pen and to compare the pharmacokinetics (PK) of sarilumab administered by pen and by syringe.
METHODS

Pen Design
The single-use, disposable, ergonomic sarilumab pen has an easy-to-remove needle cap, a needle cover that is automatically positioned after injection to help prevent needlestick injuries, a window that enables the patient to see the medication and provides visual feedback during the injection (the transparent window turns yellow when the injection is complete), strips to facilitate grip, and audible clicks that signal the beginning and end of the injection (Fig. 1) . The pen has buttonless activation to facilitate the injection (i.e., depression of the spring-loaded plunger against the skin triggers the expulsion of the drug). The sarilumab pen only serves as a delivery device and contains the same sarilumab prefilled syringe as that used for comparison in this study.
Study Design
EASY was a phase 3, multicenter, global, randomized, open-label, 12-week study in patients with active moderate-to-severe RA to assess the robustness and usability of the sarilumab pen (Fig. 2) . After completion, patients were allowed Fig. 1 Sarilumab pen. Visual features of the prefilled, single-use, disposable, buttonless, ergonomic sarilumab pen include (1) an easy-to-remove needle cap, (2) a needle cover that is automatically positioned after injection to help prevent needlestick injuries, (3) a transparent window that turns yellow when the injection is complete, and (4) strips to facilitate grip to enroll in an open-label, 1-year extension study. Patients were randomized 1:1:1:1 to sarilumab 150 or 200 mg every 2 weeks (q2w) administered via pen or syringe, plus background disease-modifying antirheumatic drugs (DMARDs). All patients were to self-administer all doses via subcutaneous (SC) injection in either the abdomen or thigh. In exceptional circumstances when the patient was unable to self-inject, a caregiver could administer the injection in the upper arm. This study was not powered to determine bioequivalence, as no meaningful differences were expected between the devices. The protocol was approved by the appropriate ethics committees/institutional review boards (ECs/IRBs), and each patient gave written informed consent. The study was conducted in compliance with IRB regulations, the International Conference on Harmonization Guidelines for Good Clinical Practice, and the Declaration of Helsinki. The study (MSC12665) is registered with Clinicaltrials.gov (NCT02057250).
Patient Population
Eligible patients were C 18 years of age at baseline and fulfilled the 2010 American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) Rheumatoid Arthritis Classification Criteria with a disease duration of C 12 weeks [14] and a functional status of ACR class I-III, based on the 1991 revised criteria [15] . Patients were included if they had active moderate-to-severe RA defined as C 4 of 66 swollen joints and C 4 of 68 tender joints, and high-sensitivity C-reactive protein (hs-CRP) C 4 mg/L. Patients had to be willing and able to self-inject for the duration of the study. In addition, patients had to have been continuously treated with one or a combination of nonbiologic DMARDs (excluding the simultaneous use of leflunomide [LEF] and methotrexate [MTX]) for C 12 consecutive weeks before randomization and to have been on a stable dose for C 6 consecutive weeks before screening of any of the following: MTX (10-25 mg/week), LEF (10-20 mg orally daily), sulfasalazine (1000-3000 mg orally daily), or hydroxychloroquine (200-400 mg orally daily). Patients treated within 12 weeks of baseline with any DMARD other than those allowed per protocol, which were limited to the maximum specified dosage, were excluded.
Assessments
The subset of patients assigned to use the sarilumab pen recorded evaluations of their experience using the pen after each injection in home diaries, including answering questions as to whether they were able to remove the pen cap and initiate and complete injections. A response of ''no'' to any of these three questions was defined as a product technical complaint (PTC). Product technical complaints identified from patient diaries were collected and sent with the corresponding pen to the sponsor for evaluation and technical analysis. The primary endpoint was the number of validated product technical failures (PTFs), defined as a PTC with a protein, DMARD disease-modifying antirheumatic drug, EOT end of treatment, IR inadequate response, q2w every 2 weeks, SJC swollen joint count, TJC tender joint count validated technical cause. Diaries were reviewed at weeks 4, 6, 8, 10 , and 12 to assess any problems associated with the pen during administration. Patients who were assigned to use the syringe were not required to maintain diaries.
Patient perception and satisfaction were assessed via a two-part questionnaire. The first part was completed at baseline to assess perceptions regarding injections and prior experience with self-injection. The second part was completed at week 12 to assess experiences performing self-injection with the sarilumab pen during the study.
The concentration-time profiles of sarilumab in serum with the pen and syringe were compared after the first dose (weeks 0-2) and at the sixth dose (weeks 10-12, representing a steady state). Pharmacokinetic parameters were determined using noncompartmental analysis of serum concentration data. Other endpoints included safety (adverse events [AEs] and clinical laboratory evaluations) and efficacy parameters (proportions of patients achieving an ACR20/50/70 response and a 28-joint disease activity score by CRP [DAS28-CRP]\2.6 at week 12).
Statistical Analysis
All randomized patients who received at least one dose of the study drug and attended at least one postbaseline visit were included in the modified intent-to-treat population, while all randomized patients who received at least one dose of the study drug were included in the safety population. The sample size for this study was based on practical considerations and clinical judgment rather than formal sample size calculations. Data were analyzed using descriptive statistics.
RESULTS
Patient Disposition and Characteristics
Of the 217 patients initially randomized to receive sarilumab 150 or 200 mg q2w plus DMARDs via pen or syringe, 201 (92.6%) completed the assessment phase. Completion rates were similar among the groups: 92.9% and 94.3% for the pen and syringe 150 mg groups, respectively, and 86.5% and 96.4% for the pen and syringe 200 mg groups, respectively. Sixteen (7.4%) patients discontinued from the study. The most common reason for discontinuation (5.5% of patients overall) was AEs in each of the treatment groups. No clinically meaningful differences were observed between AEs in the pen and syringe groups or between dose groups. Baseline demographic and disease characteristics were similar among groups (Table 1) .
Sarilumab Pen-Related Endpoints
There were a total of 600 successful injections with the sarilumab pen in 108 patients, for an overall rate of 5.6 injections per patient. The number of successful injections with the pen was similar in the two dose groups (312 injections of 150 mg in 56 patients and 288 injections of 200 mg in 52 patients). There were no pen-associated PTFs. One PTC occurred. The PTC was considered a user-related error, as the patient accidentally bumped the pen after pulling the cap off, which triggered the injection and expelled the drug onto the floor.
Patient Perception and Satisfaction
At baseline, before the first injection, the majority of patients reported that they were not afraid of needles (58%), had past experience with self-injections (55%), and were either ''very confident'' or ''extremely confident'' regarding self-injections (55%). After the 12-week assessment phase, when asked about their overall level of satisfaction, 98% of patients reported they were ''satisfied'' or ''very satisfied'' with the sarilumab pen. Most patients (88%) indicated the sarilumab pen was ''easy'' or ''very easy'' to use; 98% thought the injection time was either ''normal,'' ''short,'' or ''very short;'' and 91% were ''very confident'' to ''extremely confident'' about using the same pen for self-injection in the future (Table 2) .
Pharmacokinetics
For each dose group, concentration-time profiles of sarilumab after the first dose (weeks 0-2) and at the sixth dose (weeks 10-12) were comparable between the pen and syringe (Fig. 3) , and the area under the plasma concentration-time curves from 0 to the end of the dosing period (AUC 0-s ) were similar between the pen and syringe (Table 3) .
Safety
There were no clinically meaningful differences in treatment-emergent AEs (TEAEs), serious AEs (SAEs), or AEs leading to discontinuation among the sarilumab pen and syringe groups (Table 4) . Although the incidence of SAEs and TEAEs leading to discontinuations was numerically higher in the sarilumab 200 mg groups compared with the sarilumab 150 mg groups, the events were distributed across system organ classes with no particular pattern. There were no cases of anaphylaxis, and no hypersensitivity reactions were reported as SAEs. Similar to prior sarilumab studies [2] [3] [4] , the most common TEAEs were infections and neutropenia. There were no opportunistic infections and only three serious infections (one in the pen 150 mg group and two in the syringe 200 mg group). The overall incidence of injection site reactions was similar in the sarilumab pen and syringe groups, and the most common injection site reaction was injection site erythema (Table 4) . Only one patient, from the sarilumab pen 150 mg group, reported injection site pain. CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28-CRP 28-joint disease activity score by CRP, DMARD disease-modifying antirheumatic drug, HAQ-DI Health Assessment Questionnaire-Disability Index, q2w every 2 weeks, RA rheumatoid arthritis, SD standard deviation, SJC swollen joint count, TJC tender joint count a N = 55
The majority of decreases in absolute neutrophil count (ANC) were between 1.0 Giga/L and the lower limit of normal (LLN; i.e., grade 1-2 neutropenia; Table 4 ). Patients with ANC below LLN did not have a higher incidence of infection compared with patients with ANC in the normal range.
Increases in alanine aminotransferase (ALT) were mostly mild. There were no cases of Hy's law, defined as drug-induced liver injury resulting in increased ALT levels [3 9 the upper limit of normal (ULN) and total bilirubin levels [2 9 ULN after excluding other potential causes [16] . (Fig. 4) . The proportion of patients achieving DAS28-CRP \2.6 was also generally similar across treatment groups and between pen and syringe (26.8% and 30.2% at 150 mg, and 30.8% and 28.6% at 200 mg, respectively).
DISCUSSION
This phase 3 study demonstrated the ease of use and robustness of the sarilumab pen when used by patients with active moderate-to-severe RA in an unsupervised real-world setting. Patients were provided with either a single-use, disposable, prefilled pen or syringe. The pen serves as a DMARD diseasemodifying antirheumatic drug, LLOQ lower limit of quantification, q2w every 2 weeks, SD standard deviation delivery device and houses the same syringe as the syringe assessed in the comparator group. After 12 weeks of treatment, the primary endpoint was met with no pen-associated PTFs and only one PTC (attributed to user-related error), and 98% of patients were satisfied to very satisfied with the sarilumab pen. Most patients (88%) thought the pen was easy or very easy to use; 98% thought the injection time was either normal, short, or very short; and 91% were very to extremely confident about using the same pen for self-injection in the future. Safety and efficacy appeared to be generally comparable between the pen and syringe and consistent with observations from other clinical trials of sarilumab [2] [3] [4] . There were no clinically meaningful differences between the pen and syringe regarding the incidence or types of reported TEAEs, SAEs, or TEAEs leading to discontinuation. Although the incidence of SAEs was numerically higher with sarilumab 200 mg q2w compared with sarilumab 150 mg q2w, the number of patients with SAEs was small and distributed across system organ classes without any particular pattern. There was also no clinically meaningful difference in the overall incidence of injection site reactions between the pen and syringe. The PK and exposure (maximum observed drug concentration [Cmax] and AUC 0-s ) of sarilumab were generally similar after administration with the pen and syringe.
Patients with RA may need to administer biologic therapies via subcutaneous injections and may have difficulty manipulating syringes, as RA often affects the small joints of the hand, impairing dexterity [17] . Results from previous AUC 0-s area under the plasma concentration-time curve from 0 to the end of the dosing period, C max maximum observed drug concentration, DMARD disease-modifying antirheumatic drug, q2w every 2 weeks, SD standard deviation, t max time to C max a Data were excluded if a patient did not take the study drug or took the wrong dose at day 1 or 71 [13, 18, 19] , such as syringes. Pens have been well accepted for the treatment of other chronic health conditions, including diabetes mellitus, migraine headaches, and growth hormone deficiency, and subcutaneous administration of a tumor necrosis factor (TNF) inhibitor via pen has also been accepted for the treatment of RA [13] . As RA requires lifelong treatment, the use of a pen that is ergonomically designed to take into account the manual dexterity issues relevant to this patient population could potentially enhance compliance. Beyond its convenience, the pen also offers safety protection features that prevent needlestick injury before and after use.
CONCLUSIONS
In this study, patients with RA successfully completed self-injections with a single-use, disposable, prefilled, buttonless, ergonomic sarilumab pen. Patients reported satisfaction with the sarilumab pen and found the pen easy to use. In addition, patients were very confident regarding the use of such a pen for self-injection in the future. Safety and efficacy appeared to be generally similar between the pen and syringe groups and consistent with observations from other clinical trials of sarilumab. In conclusion, this study demonstrated the ease of use and robustness of sarilumab 150 and 200 mg q2w administered via pen when used by patients with RA in an unsupervised real-world setting. and Regeneron Pharmaceuticals, Inc. (Tarrytown, NY, USA). All authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and accuracy of the data analysis.
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